Sections of sugar beet (Beta vulgaris L.) taproot were incubated in various concentrations of mannitol. At 0.4, 0.6, and 0.8 molar, the membrane electrical potential difference (E.) averaged about -130 millivolts; at 0.2 molar, about -90 millivolts; and at 0 molar, between -60 and -80 millivolts. Additions of 10 millivolts acetate to the incubation solutions (all at pH 5) enhanced the membrane polarity to about -200 millivolts. We conclude from these and previous findings that high turgor inhibits proton extrusion in the sugar beet, but that proton extrusion can be activated in fully turgid tissue by acidification of the cytoplasm. A possible function of this turgor effect may be the control of turgor itself.
sliced and pushed into Lucite tissue holders.
Tissue-containing holders were incubated in a solution (referred to as IX here and in previous publications [3, 7] ) composed of 1 mM NaCl, 1 mm Ca(NO3)2, 1 mm KH2PO4, and 0.25 mM MgSO4. This solution was variously supplemented with mannitol, acetic acid, and NaCl as described in the individual experiments. The pH of I X was 5.0, and solutions supplemented with acetic acid were adjusted back to pH 5.0 with NaOH. After incubation times of one to several hours the tissue-containing holders were inserted into Lucite chambers fitted with inlet and outlet ports for the perfusion solutions. These chambers were used in an assembly for implanting glass microelectrodes used for the measurement of Em (3, 7) .
Incubation of plant tissues in solutions of mannitol, or other osmotica, sometimes stimulates acidification of the bathing media (4, 5, 12, 17) and enhances the rate of solute uptake (2, 5, 12, 14, 17) . Because many solutes are cotransported with protons across plant cell membranes (3, 7, 1 1), the observed effects of the osmotica upon plant tissues can be explained by the hypothesis that high turgor inhibits the proton extrusion pump located in the plasmalemma. The action of this pump contributes to the membrane Em' and the A[H+] across the membrane, and thereby develops the proton motive force (= Em-59ApH, units in mV, T = 250C) that drives cotransport (11, 15 Figure  1 . Contrary to our experience with oat coleoptiles, stable, longlasting measurements in I X with 0 M mannitol were difficult to obtain. These measurements, whether stable, unstable, long lasting, or brief were typically of a low negative value. We incorporated into Figure 1 all measurements more negative than -60 mV of at least 15-s duration. The -60 mV cutoff was chosen because negative readings up to -40 mV could be obtained by pushing the electrode into broken cell fragments. At 0.2 and 0.4 M mannitol stable measurements were easier to obtain, but at 0.6 and 0.8 M mannitol, implantations became difficult again as the tissue became flaccid. (Osmotic concentration of the cell solution ranged from 0.6 to 0.75 M [17] ). Attempts to measure Em during transitions from one mannitol concentration to another failed, presumably because of the movement of the tissue during changes in turgor.
Taking the measurements of Figure 1 at face value, means and standard errors were computed, and the latter are marked on the figure. The means and standard errors are -80 ± 2 mV at 0 M mannitol, -92 ± 5 at 0.2 M, -129 ± 4 at 0.4 M, -10 ± 9 at 0.6 M, and -136 ± 17 at 0. 8 (8, 13) . Furthermore, application of 10 mm acetic acid in IX (adjusted to pH 5.0) caused extensive hyperpolarizations (Fig. 2) .
The traces selected for presentation in Figure 2 are representative of those obtained. The first trace starts at -40 mV-not negative enough for inclusion in Figure 1 . Application of acetate had no effect, but further thrusts of the electrode into the tissue apparently made a seal with a cell responding to the acetate. Withdrawal of the acetate caused a further, but transient, hyperpolarization. The second trace began more successfully and showed a similar response. The final high negative Em values for these treatments were about -180 mV, and in a few cases about -200 mV. The addition of acetate to 0.4 M mannitol-perfused tissue caused similar responses except that the traces were more stable and the added increment of polarity was less, so that the final value for Em was also about -200 mV. Because additions of 10 mm acetate at pH 5.0 also entailed adding 6.4 mm Na+ (from the neutralizing NaOH), a few measurements were done in which the initial perfusion medium was supplemented with 6.4 mm NaCl so that the transition to acetate entailed no change in Na+. Electrical responses were similar in both cases.
Hyperpolarizations induced by weak acids are commonly interpreted to reflect enhanced proton extrusion caused by acidification of the cell interior (7, 9, 13, 16) . Additional support for this interpretation is provided by previously unreported data from oat coleoptiles. Figure 2B sensitive glass semimicroelectrodes embedded in the tissue (8) . Our interpretation of the pH recording is that, upon addition of acetate (a permeant weak acid), the undissociated CH3COOH flows into the cell more readily than the charged CH3COO-. This accounts for the initial, electroneutral alkalinization. The CH3COOH would dissociate completely in the cytoplasm at a pH of at least 7. The consequent acidification of the cytoplasm would probably activate a proton extrusion pump, or at least supply it with additional substrate. The proton extrusion would cause the observed acidification of the free space and the hyperpolarization of the membrane. A transient overshoot was observed for both Em and pH upon acetate withdrawal, but an explanation is uncertain. These parallel responses to acetate by Em and pH (though observed in different tissues) support the common opinion that weak acids enhance an electrogenic proton extrusion (7, 9, 13, 16 ).
Our conclusion is that membrane electrical polarity is indeed lower in turgid sugar beet tissue; the electrical responsiveness of the cells to added solutes suggests that they were not selectivity injured by microelectrode impalement. The higher polarity at lower turgor reflects the more vigorous proton extrusion-an extrusion that was readily measured by the acidification of mannitol media (data not shown; see Ref. 17) . The reduced activity of the proton extrusion pump in turgid tissue can be activated by the application of weak acids which then polarize turgid and nonturgid tissue to nearly the same Em values (-180 to -200 mV). Apparently the proton extrusion pump is not irreversibly disabled in turgid tissue; instead the pump is under some control that can be overridden by cytoplasmic acidification.
An adaptive value of these phenomena may be that loss of turgor enhances proton extrusion and, consequently, proton motive force across the membrane. This increased proton motive force would then drive solute uptake followed by osmotic uptake t i .
-. 
